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In this paper we study the relationship between the D∗s0(2317)
+ resonance and the decay of the Bc meson
into J/ψDK. In this process, the Bc meson decays first into J/ψ and the quark pair cs¯, and then the quark
pair hadronizes into DK or Dsη components, which undergo final state interaction. This final state interaction,
generating the D∗s0(2317)
+ resonance, is described by the chiral unitary approach. With the parameters which
allow us to match the pole position of the D∗s0(2317)
+, we obtain the DK invariant mass distribution of the decay
Bc → J/ψDK, and also the rate for Bc → J/ψD∗s0(2317). The ratio of these two magnitude is then predicted.
PACS numbers: 13.20.Jf, 13.30.Eg, 13.60.Le, 13.75.Lb
I. INTRODUCTION
In 1998, the discovery of the Bc was reported by the CDF
collaboration in the Bc → J/ψl±v¯l process at Fermilab [1].
About 10 years later, the CDF collaboration confirmed the ex-
istence of Bc via the decay mode B±c → J/ψpi± at CDF II with
a significance of more than 8σ [2]. Additionally, the D0 col-
laboration observed the Bc states in the B±c → J/ψpi± process
with a significance of more than 5σ [3]. In the last two years,
the Bc state has also been observed by the LHCb collaboration
with the decay modes B±c → J/ψpi± and B±c → J/ψD±s at the
LHC center-of-mass energy 7 TeV of proton-proton collisions
[4, 5]. The average value for the mass of the Bc state listed
in the Particle Data Group (PDG) is MBc = 6.2756 ± 0.0011
GeV [6].
Another state related to our work is the D∗s0(2317)
+ reso-
nance, of which we will give a brief review next.
The scalar resonance D∗s0(2317)
+ was first observed by
BABAR Collaboration as a narrow peak in the inclusive
e+e− → D+s pi0X annihilation process [7, 8]. Later, this ob-
servation was confirmed by CLEO, BELLE and FOCUS Col-
laborations [9–11]. The average mass of D∗s0(2317)
+ listed in
the PDG is 2318.0 ± 1.0 MeV [6].
Before the BABAR experiment, the potential model [12–
20] and lattice QCD [21–23] studied the P-wave charmed
strange meson and predicted a meson mass larger than the
experimental value, and a width of the D∗s0(2317)
+ → DK
decay very large. After the BABAR experiment, many the-
oretical groups performed research on the D∗s0(2317)
+ state.
Since the mass of the D∗s0(2317)
+ is close to the threshold of
the DK system, being the difference of about 50 MeV, the
molecular state interpretation was proposed [24–33]. In Refs.
[34–40], the D∗s0(2317)
+ state was studied in the frame of KD
mixing with cs¯ state, four-quark state, and the mixture of two-
meson and four-quark state. In Refs. [41, 42], introducing
KD meson operators and using the effective range formula,
the authors obtained a bound state about 40 MeV below the
KD threshold, which was reanalysed in Ref. [43]. In Ref.
[44], lattice QCD results for the DK scattering length were
extrapolated to physical pion masses by means of unitarized
chiral perturbation theory, and by means of the Weinberg com-
positeness condition [45, 46] the amount of KD content in the
D∗s0(2317)
+ was determined, resulting in a sizable fraction of
the order of 70% within errors. 1
In the present work, we shall give the DK invariant mass
distribution in the decay Bc → J/ψDK, from which infor-
mation on the internal structure of the D∗s0(2317)
+ state will
be obtained. Besides the weak decay of the Bc meson and
hadronization of the quark-antiquark pair to two mesons, the
final state interaction is involved. In order to describe the final
state interaction, by which the D∗s0(2317)
+ state is generated,
we use the chiral unitary approach which makes use of the on-
shell version of the factorized Bethe-Salpeter equation which
has successfully explained the existence of some resonances
(see [47–58]).
The paper is organized as follows. In Section II we present
the formalism to study the decay of Bc → J/ψDK and
Bc → J/ψD∗s0(2317). The numerical results of the DK in-
variant mass distribution are given in Section III. Finally, we
present a brief conclusion.
II. FORMALISM
In this paper, we will discuss the decay mechanism of the
Bc meson into J/ψDK and also into J/ψD∗s0(2317). In Refs.
[59–63], the weak decay mechanisms of the B and Bs mesons
were studied. We can take many elements from those works,
but there are also some important differences. The works of
[59, 60] relied upon the topological diagrams of Fig. 1, which
we have adapted to the present problem. Essentially a d quark
from the B0 meson is replaced now by a c quark in the B+c
case here. This diagram is addressed as internal emission in
the nomenclature of Ref. [64, 65]. However we can also have
a mechanism of external emission as depicted in Fig. 2.
1 However, as discussed in detail in [43], the Weinberg compositeness con-
dition was used in an extreme case in [44], thus weakening the conclusions
about this fraction. A more accurate determination of that fraction, of the
order of 70% is done in [43].
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FIG. 1: Diagram for the decay of B+c into J/ψ and the quark
pair cs¯ with internal emission.
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FIG. 2: Diagram for the decay of B+c into J/ψ and the quark
pair cs¯ with external emission.
The diagram of Fig. 2 is colored favoured and dominates
the transition, but in both cases we have a primary J/ψcs¯ pro-
duction assuming a cc¯ pair combining into J/ψ. This is all that
we need in the present case, since the matrix element for this
transition will be factorized and assumed to be constant in the
small range of the KD invariant mass that we need in our prob-
lem. The smoothness of the weak plus hadronization form
factors is supported by calculations [66] and phenomenology
(see a detailed discussion in [67]). The next step consists of
the hadronization of the cs¯ pair into two mesons. This is de-
picted in Fig. 3 and is implemented introducing an extra q¯q
pair with the quantum numbers of the vacuum, u¯u+ d¯d+ s¯s. In
a third step, the two mesons produced in the second process
may interact with themselves in coupled channels, which is
shown in Fig. 4.
It should be noted that apart from the necessary bc transi-
tion in the weak process, the other weak vertex is Vcs in both
mechanisms. As mentioned before, we will include the ma-
trix elements for the weak plus hadronization processes into a
constant factor that we call Vp. The cs¯ then recombine with
the qq¯ created from the vacuum producing two mesons. In
c
cs(uu+dd+ss)
_ _ __
s
_
FIG. 3: The hadronization of cs¯→ cs¯(uu¯ + dd¯ + ss¯).
order to calculate it, we first consider the qq¯ matrix M
M =

uu¯ ud¯ us¯ uc¯
du¯ dd¯ ds¯ dc¯
su¯ sd¯ ss¯ sc¯
cu¯ cd¯ cs¯ cc¯
 =

u
d
s
c

(
u¯ d¯ s¯ c¯
)
, (1)
which has the property,
M · M =

u
d
s
c

(
u¯ d¯ s¯ c¯
) 
u
d
s
c

(
u¯ d¯ s¯ c¯
)
=

u
d
s
c

(
u¯ d¯ s¯ c¯
)
(u¯u + d¯d + s¯s + c¯c)
= M × (u¯u + d¯d + s¯s + c¯c). (2)
On the hadron level, the M matrix corresponds to the φ ma-
trix, which has the form,
φ =

η√
3
+ pi
0√
2
+
η′√
6
pi+ K+ D¯0
pi− η√
3
− pi0√
2
+
η′√
6
K0 D−
K− K¯0
√
2η′√
3
− η√
3
D−s
D0 D+ D+s ηc
 , (3)
where the standard η − η′ mixing is used [68].
Then, we get
(u¯u + d¯d + s¯s + c¯c)(cs¯)→ (φφ)43 = ηcD+s + D0K+ + D+K0
− 1√
3
ηD+s +
√
2
3
D+s η
′.
(4)
In this paper, we neglect the contribution of η′ and ηc because
of their large mass compared with the K and η masses.
A. Rescattering
As it is shown in Fig. 4 (b) and (c), the two mesons pro-
duced from the (cs¯) (see Fig. 3) may interact with them-
selves and the coupled channels. The amplitude of the B+c →
J/ψD+K0 decay is
t(B+c → J/ψD+K0) = Vp
h1 + ∑
i
hiGiti1
 . (5)
Here i = 1, 2, 3 which label the channels D+K0, D0K+ and
D+s η respectively. In Eq. (5), h1 = h2 = 1 and h3 = − 1√3 . Gi is
the loop function of two meson propagators
Gi = i
∫
d4q
(2pi)4
1
(P − q)2 − m2i + i
1
q2 − M2i + i
, (6)
where P is the total four momentum of the system, and mi and
Mi are the masses of the mesons in the i-channel.
3Bc+ Bc+ Bc+
J/ψ J/ψ J/ψ
K
D
η
Ds+
(a) (b) (c)
K0
D+
K0
D+
D+
K0
+,0
,+0
FIG. 4: The diagrams of the decay B+c → J/ψD+K0 at hadronic level.
The loop function is calculated using dimensional regular-
ization, and the function is renormalized by means of a sub-
traction constant α(µ). The expression of the calculated loop
function is
Gi =
1
16pi2
α(µ) + log m2i
µ2
+
M2i − m2i + s
2s
log
M2i
m2i
+
p√
s
log s − M2i + m2i + 2p√s−s + M2i − m2i + 2p√s
+ log
s + M2i − m2i + 2p
√
s
−s − M2i + m2i + 2p
√
s
 . (7)
Here s is the invariant mass squared of the particles appearing
in the loop, and p is the corresponding three momentum in the
center-of-mass frame. In Eq. (5) ti j is the scattering matrix
element for the transition channel i→ j. According to the on-
shell version of the factorized Bethe-Salpeter equation [49,
69], ti j is,
t = [1 − VG]−1V, (8)
where V is the potential which we take from [28]. V is ex-
pressed as
V11 = − 16 f 2
32 s − (γ + 12) (m2D − m2K)2s
 ,
V13 = − 1
6
√
6 f 2
[
−3
2
(γ + 3)s +
1
2
(γ + 3)(m2K + m
2
η + m
2
D
+m2Ds ) −
3
2
(γ + 1)
(m2Ds − m2η)(m2K − m2D)
s
− m2D
−3m2K + 2m2pi
]
,
V33 = − 19 f 2
−32γs + γ(m2η + m2Ds ) − 32γ (m
2
Ds
− m2η)2
s
+2(m2D + 3m
2
K − 2m2pi)
]
,
V12 = V11 = V22,
V23 = V13,
V ji = Vi j, (9)
where i, j = 1, 2, 3 and i , j. And in the above equations,
γ =
(
mL
mH
)2
with mL = 800 MeV and mH = 2050 MeV (see
Ref. [28]), f = 93 MeV is the pion decay constant. Note that
in Eq. (9) we have projected the potentials into S-wave.
Since the process depicted in Fig. 1 is a 0− → 1−0+ tran-
sition, the angular momentum between the J/ψ and the quark
pair (cs¯) is L = 1 due to the total angular momentum conser-
vation. So Vp should have the form of
Vp =
√
3ApJ/ψ cos θ. (10)
Thus, we can get the expression of dΓ/dMinv
dΓ
dMinv
=
A2
(2pi)3
1
4m2Bc
p3J/ψ p˜DK
∑¯∑
|t˜B+c→J/ψD+K0 |2, (11)
where Minv is the invariant mass of the D+K0 system, and
t˜B+c→J/ψD+K0 is tB+c→J/ψD+K0/Vp. In Eq. (11), the factor
1
3 which
comes from the integral of cos θ2 cancels the
√
32 in the defi-
nition of Vp of Eq. (10). The value of A is chosen to normalize
the invariant mass distribution and it will cancel in the ratios
that we shall construct. In Eq. (11) pJ/ψ is the momentum of
the J/ψ in the global CM frame and p˜DK is the kaon momen-
tum in the D+K0 rest frame.
It is interesting to see microscopically how a p-wave for J/ψ
and the KD meson pair in relative s-wave can be produced
in this process. For this we just recall that the W exchange
involves the interaction term q¯1γµ(1−γ5)q2q¯3γµ(1−γ5)q4 [70,
71]. By looking at Fig. 2, the required combination is γ0γ5
for the bcW vertex, which gives a contribution of the type
~σ · ~q, which can flip spin to produce J/ψ and also provides
the needed p-wave. The vertex for csW should be γ0, since
sandwiched between the quark and antiquark provides again
a vertex of the ~σ·~p12m1 +
~σ·~p2
2m2
type (~p1, ~p2 the momenta of the
quark, antiquark). Then, upon hadronization of the extra qq¯
we can get two mesons in relative s-wave. To see this, recall
that the qq¯ pair created with the vacuum quantum numbers
is produced with spin S = 1 and L = 1 (3P0 configuration
[72, 73]). The combination of these two p-wave vertices can
then give rise to an s-wave of the pair of mesons.
A simpler way to see this is to recall the phenomeno-
logical coupling of a W to two pseudoscalars, given by
Wµ〈[φ, ∂µφ]T−〉 in chiral theories [74, 75], with W, φ the fields
of the W and the pseudoscalar mesons and T− a matrix re-
lated to the Cabibbo-Kobayashi-Maskawa elements. The ver-
tex WPP′ gives rise to the operator µ(p − p′)µ with p, p′
the momenta of the created pair of pseudoscalars, and we see
4again that the µ = 0 component of the virtual W gives rise to
p0 − p′0 which carries no momentum and provides a produc-
tion of the two mesons in relative s-wave, in the CM frame of
these two mesons, when the masses of the particles are dif-
ferent, as is the case here (note, that the operator ~σ·~p12m1 +
~σ·~p2
2m2
at the quark level also would vanish in the CM when the two
particles have the same mass). This mechanism is the same
as the one providing the s-wave in meson baryon scattering
in the local hidden gauge approach, where a vector meson is
exchanged between the meson and the baryon [76], but then
one has p0 + p′0 and it never vanishes.
B. Coalescence production of the D∗s0(2317)
+ resonance
In the former subsection we have studied the production of
DK in the final state. Here we study the production of the
resonance D∗s0(2317)
+ under the assumption that it is dynami-
cally generated from the DK and ηDs channels. Diagrammat-
ically, the reaction proceeds as shown in Fig. 5.
The amplitude for the production of the resonance R (in this
case the D∗s0(2317)
+) is given by
t(B+c → J/ψR) = Vp
∑
i
hiGigi
∣∣∣∣∣∣∣
pole
=
√
3ApJ/ψ cos θ
∑
i
hiGigi
∣∣∣∣∣∣∣
pole
, (12)
where i sums over K+D0, K0D+, ηDs, and gi is the coupling of
the resonance to the channel i defined such that the scattering
amplitude around the pole reads as
Ti j =
gig j
z − zR , (13)
with i, j = D+K0,D0K+,D+s η. The variables z and zR are
the value of the complex s and the resonance position, re-
spectively. Once again we define t˜(B+c → J/ψR) = t(B+c →
J/ψR)/Vp. Eqs. (12) and (5) are different, but under the as-
sumption that the resonance is dynamically generated by the
channels included in Eq. (5), the two expressions are related
and are fixed, up to the common factor Vp. The width for
J/ψ
R
mi
Mi
Bc+
FIG. 5: Diagrammatic presentation of B+c → J/ψR. One
sums over all intermediate mesons mi and Mi that generate
the resonance (K+D0, K0D+ and ηD+s ).
the production of the resonance R, irrelevant of which decay
channel it has, is given by
Γ(B+c → J/ψR) =
A2
8pi
1
m2B+c
∣∣∣t˜(B+c → J/ψD∗s0(2317)+)∣∣∣2 p3J/ψ∣∣∣pole .
(14)
It is then interesting to study the ratio [77]
dΓ˜
dMinv
= M2R
(dΓ/dMinv)/p3J/ψ p˜DK
Γ(B+c → J/ψR)/ p3J/ψ
∣∣∣∣
pole
=
M2R
4pi2
∣∣∣t˜(B+c → J/ψD+K0)∣∣∣2∣∣∣t˜(B+c → J/ψD∗s0(2317)+)∣∣∣2
=
M2R
4pi2
|hD+K0 + ∑ hiGiti|2
|∑ hiGigi|2|pole , (15)
where the factor M2R is put in the formula for convenience in
order to have a dimensionless quantity. In this ratio the com-
mon factor Vp (or A) cancels and we obtain a magnitude with
no free parameters, tied to the nature of the D∗s0(2317)
+ as a
dynamically generated resonance.
III. RESULTS
As it is mentioned in section II, the Gi function is calcu-
lated analytically by dimensional regularization. In this paper
the parameter α(µ) is fixed as -1.265 and µ as 1.5 GeV, in or-
der to get the resonance D∗s0(2317)
+ from the DK and ηDs
interaction. In Fig. 6, we show the squared amplitude of the
D+K0 → D+K0 scattering depending on the invariant mass of
DK system, where the peak position appears at the mass of the
D∗s0(2317)
+ resonance. As we can see, there is no width for the
state, which we obtain as a bound state. The very small width
of this state comes from the decay into the isospin forbidden
piDs channel, which we do not consider since it has a negli-
gible role in the generation of the D∗s0(2317)
+ mass. We also
calculate the couplings of the D∗s0(2317)
+ to the DK and the
Dsη channels, which can be extracted from the behavior of the
T matrix near the pole (see Eq. (13). The values of the cou-
plings that we get are gD+K0 = gD0K+ = 7.4 GeV, gD+s η = −6.0
GeV. This corresponds to a coupling −√2 × 7.4 = −10.46
(GeV) to the DK I = 0 channel − 1√
2
(K+D0 + K0D+). The
value of −10.46 GeV and −6.0 GeV for the couplings of the
D∗s0(2317)
+ to DK (I = 0) and ηDs agree with those in [28] up
to a global sign. Note that here we take gD+K0 positive. We see
then that the D∗s0(2317)
+ resonance couples to the DK channel
more strongly.
Using the values of α(µ) and µ mentioned above, we can
get the differential decay width for the reaction of B+c →
J/ψD+K0 (see Fig. 7). There the line shape of the differ-
ential decay width and the phase space have been normalized
to unity over the range of the DK invariant mass in the figure,
which have been done in the same way as that in Ref. [63].
The line shapes are similar to those in Fig. 4 of Ref. [63].
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FIG. 6: |T |2 for the DK scattering depending on the center of
mass energy of the DK system.
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FIG. 7: Differential decay width for the reaction
B+c → J/ψD+K0. The solid curve corresponds to
(α(µ), µ) = (−1.265, 1.50 GeV). The dash dot curve is the
phase space. Note that all the curves have been normalized in
the range of Minv shown in the figure.
In Fig. 8 we plot dΓ˜dMinv of Eq. (15). We see a fall down
of the distribution as a function of the K+D0 invariant mass.
This is a clear indication of the presence of a resonance below
threshold since we have divided the original invariant mass
distribution by the phase space. Hence, essentially we are
plotting |t(B+c → J/ψD+K0)|2, which peaks at the mass of the
D∗s0(2317)
+ and we are seeing the tail of the resonance.
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FIG. 8: The plot of dΓ˜dMinv defined in Eq. (15).
A. Consideration of possible qq¯ components
At this point we would like to consider uncertainties tied to
the possibility that the state D∗s0(2317) contains some qq¯ com-
ponent in addition to the KD and ηDs molecular channels.
This possibility was investigated in Ref. [43] when analyzing
the lattice QCD spectra for KD and related channels, includ-
ing qq¯ components. The analysis to account for a possible
qq¯ component was done by adding a Castillejo-Dalitz-Dyson
pole [78] to the potential. Hence, in the charge basis that we
consider, we add to the potential of Eq. (9) an extra compo-
nent
δV11 = δV12 = δV21 = δV22 = δV =
γ2
M2inv − M2CDD
, (16)
where the equality of these terms guarantees that we have
I = 0 and we have only considered the extra term in the im-
portant KD channels, as in [43]. In Eq. (16) γ is a constant
and MCDD would be associated to a bare mass of some ex-
cited qq¯ component. With the potential V + δV we reevaluate
amplitudes and couplings. The analysis done in [43] gave as
an output that the possible values of MCDD were larger than
MK + MD + 300 MeV. We choose MCDD = MK + MD + 300
MeV, but we have checked that the results do not change if
we have a larger MCDD mass after the fitting is done. The
procedure to determine the γ parameter is the following.
First we quote from Ref. [43] that the probability to
have the KD component was, summing errors in quadrature,
P(KD) = (72±14)%. Hence we take three cases, correspond-
ing to P(KD) = 58%, 72%, 86%. For each of these cases we
make a fit of the subtraction constant α(µ) of Eq. (7) and γ
to obtain the binding at 2317.8 MeV and P(KD) equal to any
of the former fractions. The P(KD) probability is given by
[79–81]
P(KD) = −
∑
i=1,2
g2i
∂Gi
∂s
∣∣∣∣∣∣∣
pole
(17)
6with i = K+D0, K0D+.
Next we take into account that the new component not only
modifies couplings and amplitudes of KD but in the decay that
we consider there can be a direct coupling to this component.
This is depicted in Fig. 9 (a) for the coalescence process and in
Fig. 9 (b) for the K0D+ production. We must add this contri-
bution to the former one, but we have here two extra couplings
which are unknown, the B+c J/ψ coupling to the qq¯ component
and the resonance coupling to this component. Let us write
the product of the two in terms of an unknown constant C, as
VpM3RC for dimensional reasons. Then the amplitudes equiv-
alent to Eq. (5) and (12) are now:
t(B+c → J/ψR) = Vp
∑
i
hiGigi + C
M3R
M2R − M2CDD

∣∣∣∣∣∣∣
pole
(18)
t(B+c → J/ψD+K0) = Vp
1 + ∑
i
hiGigiti1 + C
M3R
M2R − M2CDD
× gD+K0
M2inv − M2R
 (19)
where MR is the mass of the D+s0(2317).
The parameter C is unknown, but with KD and ηDs nearly
exhausting the sum rule −∑3i=1 g2i ∂Gi∂s ' 1, we shall choose it
in such a way that the C-term in Eq. (18) gives a weight of 0,
0.1 or 0.2 of the
∑
i hiGigi term. With this the relative strength
of this term on |t|2, and hence in Γ, would be 0, 21% and 44%
respectively. We think this is a wide margin given the small
room left for such component in the sum rule. We should
expect this contribution to be of the order of the uncertainty
of 14% in P(KD) that we have quoted before, but we take a
wider margin.
When this is done we get the results that we show in Fig.
10. Compared to the former results in Fig. 8, we see small
changes. For weight C = 0 in Fig. 10 (b) where P = 0.72 we
get a reduction of dΓ˜dMinv about 10% with respect to the former
results. For the case that the relative weight of the new com-
ponent is 0.1 in the amplitude we get results about 5% bigger
than before. And for relative weight 0.2 we get an increase of
about 20%. We also can see in Figs. 10 (a) and (c) for weights
P(KD) = 0.58 and P(KD) = 0.86 that the results change only
in about 5% with respect to those for P(KD) = 0.72. This
is a margin of uncertainty that we can assume, but the main
features discussed above remain.
IV. CONCLUSION
In this paper we have studied the B+c decay into J/ψD
+K0.
The mechanism is: B+c decays into J/ψ and the quark pair
cs¯ via weak interaction; then the quark pair cs¯ hadronizes
into D+K0, D0K+ or D+s η components which can interact
among themselves generating the D∗s0(2317)
+ resonance. In
the scheme of the chiral unitary approach, we are able to
choose the proper parameters α(µ) and µ appearing in the loop
function by matching the pole position of the D∗s0(2317)
+. If
α(µ) = −1.265 and µ = 1.5 GeV, the couplings of DK and
Dsη channels are gD+K0 = gD0K+ = 7.4 GeV and gD+s η = −6.0
GeV, respectively. Later we have calculated the differen-
tial decay width of the reaction B+c → J/ψD+K0. One can
appreciate that the shape of the distribution peaks closer to
the DK threshold than the phase space, indicating the cou-
pling of DK to a resonance below threshold (the D∗s0(2317)
+
in this case). We also evaluated the rate of production of
the D∗s0(2317)
+ resonance and then constructed the ratio of
dΓ/dMinv(B+c → J/ψD+K0) to the width for D∗s0(2317)+ pro-
duction, where the unknown factor Vp of our theory cancels.
The new normalized distribution obtained is then a prediction
of the theory, only tied to the fact that the D∗s0(2317)
+ is dy-
namically generated from the DK and ηDs channels. We also
evaluated the possible contribution of genuine qq¯ components
taking information from the lattice QCD results and found it
to be small. As to the feasibility of the reaction we think this is
at reach in present facilities. Indeed in the PDG [6] one finds
half of the known decay channels of the B+c going to a J/ψ,
one has also decays into J/ψ and three pions, J/ψ plus two
kaons and one pion, and also decays into J/ψD+s and J/ψD
∗+
s .
The study done here, showing how one can learn about the
nature of the D∗s0(2317)
+ from the measurements proposed,
should serve as an incentive to perform these experiments in
the near future.
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